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NEW INSIGHTS INTO UNCONVENTIONAL GAS POTENTIAL OF THE MIKULOV JURASSIC
MARLS IN THE MORAVIAN PART OF THE VIENNA BASIN (CZECH REPUBLIC)

The focus of this contribution is twofold: (1) analysis of tectonic patterns of the entire Vienna Basin and its subthrust
level which includes autochthonous Jurassic sediments; (2) further geological and palynofacial characterization of
Mikulov Upper Jurassic marls with ultimate aim to get new insights into unconventional prospects within the Moravian
part of the Basin. The deposition here has been largely controlled by strike-slip reactivations within faults of the principal
displacement zone. Liquid and gaseous hydrocarbons generated within the Mikulov source rock formation supplied
several conventional oil and gas plays in the Miocene reservoirs mostly laterally but also vertically. Vertical migration of
hydrocarbons took place via releasing jogs or “windows” appeared in thrust belt damage zone because of transtensional
reactivations of en échelon arranged fragments of the principal displacement zone. Our model suggests presence of
considerable unconventional gas resource play existing in deep overpressured Mikulov compartment sealed by
impermeable combination of overlapping flysch and multiple the Carpathian thrust belt’s sheets.

Keywords: autochthonous and allochtonous structural flours, strike-slip faults, releasing jogs, palinofacies, type of
kerogen, hydrocarbons, overpressured compartment.

Introduction. Over the past decade gas from different types of unconventional reservoirs or
simply natural thermogenic gas which can be pried from low-permeable organic-rich formations by
combination of stimulation techniques including hydraulic fracturing treatment and horizontal
drilling has become an increasingly important source of energy. Commercially successful
production of gas from shale and tight sandstones formations is still restricted by the North
America terrain. However, now the interest for targeting unconventional gas resource plays is
progressively sweeping towards Europe, wherein many countries are attempting to cover gaps
between steadily growing energy demand and supply possibilities also taking into account the
ultimate aim to ease their dependence on imported fossil fuel by the help of shale gas
developments.

Geology and new structural concept of the Vienna Basin. Almost all conventional hydrocarbon
deposits of the Czech Republic are confined to the Czech part of the highly prolific Vienna basin,
wherein the earliest drilling operations in Moravia started in 1900. The Vienna Basin is definitively
the one of the most important oil and gas provinces in Europe containing 46 fields in Austrian part
of the Vienna Basin [18] and at least 20 oil-bearing structures and gas-producing horizons in the
Czech and the Slovak parts of the Vienna Basin (Fig. 1).

Pre-Miocene basin floor is heterogenic. It consists of allochthonous nappes sheets emplaced
onto autochthonous pre-folding sequences resting on the pre-Mesozoic basement. The formation
of the Vienna Basin fault system is dated by the onset of subsidence in the Vienna Basin in
Miocene, which opened as a transtensional pull-apart between two left-stepping segments of the
fault zone (Fig. 1), which was later compressionally inverted in the Pliocene.

In structural terms the basin is associated with a classical thin-skinned pull-apart basin of
Miocene age, which sedimentary fill is overlying on a top of the Carpathian thrust belt [18, 5]. Deep
autochthonous basement in this area comprises Precambrian crystalline and Paleozoic-Mesozoic
sedimentary units of the North European Platform [1].

In fact the deposition in the basin and the formation of the Central Moravian depression from
our point of view have been largely controlled by strike-slip reactivations within fragments of the
principal displacement zone PDZ (Fig. 1) in the Pre-Miocene basement floor.

Recent active strike-slip faulting is kinematically linked to the reactivation of major Miocene
normal faults branching off from the wrench fault in the central part of the Vienna Basin [9].
Modern stresses and focal mechanisms from earthquakes along the Vienna Basin mostly indicate
sinistral strike-slip faulting along north-east striking subvertical faults.
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Fig. 1. Oil and gas fields in the Vienna basin (modified after Arzmuller et al. [2], model of principal displacement zone
(PDZ) are from Wu et al. [5], however some fragments of the PDZ are missing in this model. Note, that most of
hydrocarbon fields are located within offset jogs between adjoining en échelon left-stepping NE-SE striking shears within
the PDZ. The geometry of these jogs controls local extensional (dilational) environments during sinistral reactivation
pulses within the PDZ

However, 3-D interpretation of seismic sections within the Central Moravian Depression and,
more specifically, mapping of paleochannels in the Mid Miocene Badenian sediments did not show
significant lateral offsets of across such big faults as the Steinberg fault. It can be interpreted
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whether as a prove of absence of playing a significant role of strike-slip tectonics since the Late
Badenian [15] or alternatively as an evidence of multiple sign-variable sinistral-dextral reactivation
of faults with almost zero total displacement.

The petroleum systems of the study area and discussion on its unconventional gas
potential. The petroleum systems of the Vienna basin Miocene sedimentary carapace and entire
the Carpathian region in Moravia are mostly associated with the Jurassic source rocks and only
partially with Paleogene source rocks [13]. However, taking into account our special interest to
unconventional resource plays [3,16] we focused on the subthrust zone which includes
autochthonous the Upper Jurassic Mikulov Formation. It represented by organic-rich Malmian dark
marls which are considered to be qualified as world-class source rock [10,14,7].

Oils and gases generated within formation supplied several oil and gas fields in the Miocene
reservoirs mostly laterally via several major fault and fracture zones and episodically vertically
through locally released domains in the thrust belt damage zone during discrete episodes of
sinistral reactivations of the PDZ. Actually dilatational jogs located within offsets between adjoining
en échelon left-stepping NE-SE striking shears within the PDZ served as conduits for vertically
migrated liquid and gaseous hydrocarbons to reach areas of their favorable accumulation in the
uppermost conventional reservoirs.

The Mikulov Formation is buried under the flysch units of argillaceous lithology and these
together with heavily faulted base of the Carpathian thrust belt have served as some kind of
regional seal restricting an active vertical migration of gaseous hydrocarbons from deep
generation levels (Fig. 2).

Actually the most of generated hydrocarbons might be still locked within the place of their
generation in the Mikulov beds.
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Fig. 2. Regional cross section through the West European plate, the overlying Outer Western Carpathian thrust belt, and
the successor Vienna basin (modified after Picha and Peters [13]). Location of the section is shown on Fig. 1. In fact the
Carpathian thrust belt consists of multiple thrust sheets and associated nappes. It would appear that several of the
thrust imbricate sheets have a strong detachment folding overprint and after their soling into the base level may
represent some of the most important structural traps and exploratory targets in the Basin

Previous geochemical studies [10,6,14] demonstrated that organic matter of the Mikulov
matrls is composed of a kerogen type Il -1l with total organic carbon TOC in range of 0.2-10 %.
According to Krej&i et al. [10], the reactive part of kerogen in the Mikulov marls is type I, while the
abundant inertinite makes the bulk hydrogen index lower.
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The presence of mixed kerogen of II-lll types also have confirmed by our palynofacial
analysis (Fig. 3, 4) and numerous documentations of remains of terrestrial organic matter in grains
of vitrinite and inertinite (Fig. 5).

Fig. 3. Palynofacies of samples from wells Sedlec 1, Nové Miyny 1 and Kobyli 1: A - palynofacie of sample Sedlec; B —
palynofacie of sample Nové Miyny; C, D — palynofacie of sample Kobyli; details: 1 — dinoflagellate, 2 - algae, 3 — brown particles, 4 —
spore, 5 — cuticle, 6 — forameniferal assemblage, 7 — amorphous black particle, 8 — sharp-edged black particle

Figure 4 - Palynofacies of samples from wells Ném¢icky 1, Morkuvky 1: A, B - palynofacie of sample Némgicky; A - algae
assemblage and algogenic organic matter , B — cyst of dinoflagellate; C, D — palynofacie of sample Morkuvky; details: 1 -
dinoflagellate, 2 - algae, 3 — forameniferal assemblage, 4 — cuticle, 5 —spherical black particle, 6 — sharp-edged black particle, 7 —
algogenic organic matter.
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Figure 5. Grains of vitrinite (left) and inertinite (right) within sample from the well Nové Miyny 1.

The presence of an inertinite is important geological record, because it indicates at least
oxidation due to an atmospheric exposure for the Mikulov Formation during deposition.

In the northwest—southeast-trending Dyje—Thaya depression, which was formed during the
Jurassic rifting [14], a set of subthrust antiformal structures, e.g. Tynec, Holic, and Lednice, have
been delineated on seismic data with depths to the tops of these structures in range from 4 km
(Lednice antiform) to 6 —7 km (Tynec and Holic antiforms) and these are already in condensate-
gas window. These structures were formed as tilted blocks and horsts during the Jurassic rifting
with further reactivation as local restraining bends during the strike-slip faulting.

At such depths fractured marls of the Mikulov Formation may be overpressured because of
sedimentary loading and recent tectonic stresses. One of reason to consider this option is the fact
that this pelitic-carbonatic unit at the deep levels is tectonically enlarged [1] by multiple
duplications. Such kind of structural thickening related with thrust cleavage duplexes occur in the
Marcellus Shale [11], which is up to now the most successful exploration reservoir for commercial
shale gas production. These duplexes are interpreted as manifestations of the progressive transfer
of slip from floor to roof through a disturbed zone that serves as a shear boundary between large,
more internally passive, thrust sheets [11]. In case of the Vienna basin tectonically thickened weak
pelitic-carbonatic marls of the Mikulov Formation could serve as the accommodation rock volume
for development of ductile deformations associated with intensive folding and faulting in the
overlying competent layers of allochtonous structural flour. Ductile duplexes and associated thrust-
related subhorizontal fracturing related with abnormal fluid pressure [8] now are widely recognized
as positive signal for targeting productive shale gas reservoirs [12,4].

Conclusions. Fractured intervals with gas kicks in the Mikulov Formations have been
observed at great depths (7.5 km scale) in Austrian part of the Vienna basin [19]. We propose that
this fracturing could be resulted from the same mechanism of formation of compressional duplexes
and gives hopes for good potential of preservation here the subthrust levels of the basin significant
unconventional gas resource in deep overpressured compartment.
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M. Bynok, B. NMpueanog, IN. CkyneHb, X. MipoHoH, A. MpuBanos, 0. MNaHoBa
HOBI IAEI OLIHKW MOTEHLIANY HETPAOULIMHUX FA30BUX PECYPCIBY MUKYNIBCbKUX
FOPCbKUX MEPTENIAX Y MOPABCBKIA YACTUHI BIAEHCbKOIO BACEWHY (YECHKA PECNYB/IKA)

Lis nybnikauis cdokycoBaHa Ha [BOX acnekTax: 1) aHanisi TeKTOHI4HUX ocobnmBocTeit BigeHcbkoro Baceliny, B Linomy,
i Joro nigHacCyBHOTO KOMMIEKCY, LO BKMIOYAE ABTOXTOHHI HOPCbKi BigKMaAeHHs; 2) Nofanbluoi reosoriyHoi Ta
naniHodallianbHoi XapakTepucTuLi BepHbOOPCbkMX Mukynicbkux Meprenis. KiHLueBa meTa OOCHimKeHb - OTpUMaTK
HOBi 3HaHHSI MPO MEPCNEeKTMBW HETPAAMLIMHOI BYrMEBOOHEBOI CMPOBWMHM B MeXax MOPAaBCbKOi YacTUHW BacemHy.
OBCTaHOBKM OCaAKOHArPOMAaMKEHHS TYT 3HAYHOK MIPOK KOHTPOIIOBANMCS 3CYBHOK aKTMBI3aLiE OKPEMUX PO3PUBIB Y
cknagi NpUHUMNOBOI AMCrokainHoi 30HW. Pigki W ra3onopibHi BYrneBOAHi, reHepoBaHi B HadTorasoMaTepUHCHKNX
MukyniBcbkMX BepcTBax, Npu3Benu [0 OpMyBaHHS psady TpaguuidHUX POAOBWL, HAdTW i rasy B MIOLEHOBUX
KONEKTOpax He TifbKM 3a paxyHOK MepeBaxHOl naTepanbHoi, a W BepTUKanbHOI Mirpauii. BepTukanbHa Mirpauis
BinbyBanacs B yMoBax 3CyBHOI akTVBi3aLlii MPUHLMMOBOI AMCMOKALLIAHOI 30HM Kpi3b NEPIOANYHO BiAKPUTI B HEMPOHWUKHIN
30Hi  ApobneHHs  KapnaTCbkoro  HacyBHOrO  MOSICy  «BikHa» Ha  AiNAHKaX  NOKanmbHOrO  postary vy
Mexax kyniconoaibHoro BuruHy abo 3uneHyBaHHs 3cyBiB. Hawa mogenb nepenbayae HasBHICTb Ha  rMMOOKUX
ropusoHTax MukyniBcbkoi dhopmaLlii 3HaYHOrO CKYMUYEHHS! HETPaAMLIMHOMO rasy, SKWMN 3HAXOOMUTHCA B CreLMIYHNX
YMOBax aHOMasTbHO BUCOKOTO MTaCTOBOrO TUCKY.

Knroyoei criosa: amnoxTOHHI Ta aBTOXTOHHI CTPYKTYPHI MOBEPXW, 3CYBHI AMCrIOKaLil, AiNsSHKMA IOKarbHOMO posTary,
naniHodaLlii, keporeH, BYrneBOAHiI, 30Ha aHOMarbHO BUCOKOTO MAaCcTOBOTO TUCKY.

M. Bynok, B. Mpueanos, . CkyneHb, X. MupoHoH, A. MpuBanos, E. MaHoBa

HOBbIE UAEW B OLIEHKE MNOTEHLIMAJIA HETPAOULIMOHHbIX FA30BbIX PECYPCOB B MUKYNOBCKUX
IOPCKUX MEPTENIAX MOPABCKOW YACTU BEHCKOIO BACCEWNHA (YELLCKAA PECNYBIIUKA)

Hacroswas nybnukauums cgokycupoBaHa Ha ABYX acnektax: 1) aHanuse TeKTOHMYeckux ocobeHHOCTen BeHckoro
GacceitHa, B LENOM, M €ro NOAHAABWrOBOrO  KOMMMEKCA, BKIKOYALErO aBTOXTOHHLIE HOPCKUE OTIIOKEHWS; 2)
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AanbHeiLLlen reonornyeckor n nanuHoaLmuanbHOM XxapakTeprucTuke BepHetopckux MukynoBckux mepreneit. KoHeuyHas
Lenb WCCredoBaHMi - MOMyYMTb HOBble 3HAHUS O MEPCNEeKTMBAaX HETPaAMLMOHHOMO YrMeBOAOPOLHOTO Chipbs B
npegenax Mopasckoit yactu GacceiHa. OBCTAaHOBKM OCAKOHAKOMMEHMS 30€Cb B 3HAYUTENBHOM  CTEMEHM
KOHTPONMPOBANMCh CABUIOBLIMM aKTUBM3ALMSMW OTAEMbHbIX Pa3pbiBOB B COCTaBE NMPUHLMNMAINLHON AUCTOKALMOHHOMN
30HbI. Xugkie W rasoobpasHble YrneBogopoabl, reHepPUPOBaHHbIE B HEdhTerasoMaTepuHcknx MukynoBCKUX CrosiX,
npuBenu K OpMMPOBaHMIO psaa TPAOWLMOHHBIX MECTOPOXKOEHUA HE(TW W rasa B MWUOLIEHOBbLIX KOMMEKTOpax He
TONMbKO 3a cueT npeobragarolleit nateparnbHOM, HO W BEPTUKANbHOW MUrpaLun. BepTukanbHas murpaums
npovcxoguna B yCrOBWSX COBUrOBOM aKTMBM3aLWW MPUHLMMWAMNbHOW AMCIOKALMOHHOW 30HbI CKBO3b MEPUOLNYECKN
OTKpbIBABLUMECS B HENPOHUL@eMon 30He ApobneHus KapnaTckoro HagBMrOBOrO MOsica  «OKHAa» Ha yyacTkax
NOKanbHOrO pacTskeHus B Npedenax KynncobpasHOro COuNeHeHWst OTAenbHbIX pa3pbiBoB.  Hawa Mmogenb
npegnonaraet Hamuuue Ha  ryOokuMx ropusoHTax  MwukynoBckoA  (OPMauMM  3HAYMTENBHOMO  CKOMMEHMS
HETPaAWLMOHHOTO ra3a, KOTOpbIil HAXOAMTCA B CIELMUYECKNX YCTOBUSX aHOMAITBHO BbICOKOMO NNacTOBOrO AaBMEHMS.

Knrouesble crosa: annoXTOHHble U aBTOXTOHHbIE CTPYKTYPHbIE 3TaXW, COBUroBble OUCNOKaLWK, Yy4aCTKL NOKanbHOro
pacTaXeHus, I'IaI'IVIHO(i)aLWIVI, KeporeH, yrnesoAopoabl, 30Ha aHOMarslbHO BbICOKOro niactoBoro AaBreHuA.
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